Ionic Conductivity Measurements in a SiO2 Nanochannel with PDMS Interconnects  by Martins, D. et al.
Procedia 
Chemistry  
www.elsevier.com/locate/procedia
Proceedings of the Eurosensors XXIII conference 
Ionic Conductivity Measurements in a SiO2 Nanochannel with 
PDMS Interconnects 
D. Martins
a
, V. Chu
a
, D. M. F. Prazeres
b
, J. P. Conde
a,c
 
aINESC Microsystems and Nanotechnologies and IN – Institute of Nanoscience and Nanotechnology, Lisbon, Portugal 
bCentro de Engenharia Biológica e Química, IBB – Institute of Biotechnology and 
Bioengineering, Instituto Superior Técnico, Av. Rovisco Pais, Lisbon, Portugal 
cDepartment of Chemical and Biological Engineering, Instituto Superior Técnico, Lisbon, Portugal 
 
Abstract 
Silica nanofluidic channels with 50 nm height were fabricated on glass substrates. A PDMS microfluidic network was integrated 
with the nanochannels for fluidic handling. Ionic conductivity measurements were performed across the nanochannels with 
several KCL concentrations. Ionic conductivity saturation at ~700 µS cm
-1
 was observed at low salt concentrations (<10-4 M) 
due to of the overlap of the electrical double layers of the top and bottom surfaces of the nanochannel. 
 
Keywords: nanochannels; microchannels; conductivity; electolyte; electrical double layer 
1. Introduction 
Sensing the presence of specific biomolecules in a solution is of high interest in many biomedical applications. In 
the last decade, strong efforts have been made towards the development of portable and easy to handle devices for 
biomolecular detection. Such devices rely on both micro- and, more recently, nanofluidics technologies which offer 
the advantage of low detection time due to high surface to volume ratio and reduced sample volume. By coupling 
both technologies, biomolecular detection has already been achieved through the use of a nanochannel as a 
biosensor
1-3
. The detection of bound biomolecules is usually made through electrical measurements across the 
nanochannel. In this method the molecule of interest is specifically immobilized (which can be achieved by 
functionalization of the channel surfaces) in the nanochannel which produces a change in the ionic conductance of 
the fluid inside the nanochannel.  One advantage of this method is its simplicity since it is label-free and amenable 
to multiplexing and integration.  
In this work, we present nanofluidic devices that have SiO2 walls and PDMS microfluidic interconnects and show 
that it is possible to control the conductance of the nanochannel by the surface charges on the nanochannel walls. 
2. Experimental Details 
2.1. Device Fabrication  
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 The nanochannels have the following dimensions: height=50 nm; width=5 µm; and length=300 µm (Figure 1 (a) 
and (b)) and were fabricated on glass substrates with SiO2 as the structural material and Al as the sacrificial material. 
The nanochannel fabrication process begins with the deposition of 50 nm of Al by DC magnetron sputtering on top 
of a cleaned glass substrate and patterned by photolithography and wet etching to form the sacrificial pattern. Next, 
SiO2 is deposited by PECVD and nanochannel openings are patterned and etched by reactive ion etching (RIE). In 
the final step, the Al sacrificial layer is selectively removed by wet etching.  
 
 
 
Fig. 1- SEM pictures of a nanochannel with 50 nm height, 5 µm width, and 300 µm length. The substrate is glass and the SiO2 
layer is 1 µm thick:(a) a 45º view; (b) detailed view of the nanochannel cross-section. 
 
Microchannels connecting to the nanochannels were fabricated in PDMS using the soft-lithography technique. An 
SU-8 mold is patterned by UV light exposure through a quartz mask and developed in PGMEA. The PDMS pre-
polymer was then poured onto the mold and cured for 24 hours at 65º C before being peeled off the mold and 
immersed in three solvents (triethylamine, ethyl acetate and acetone) sequentially for 2 hours to extract the 
unreacted PDMS oligomers from the bulk phase of the material
4
. Finally, the PDMS was dried for 10 hours at 70º C 
and then exposed to a corona discharge treatment to its surface to promote the adhesion of the PDMS microchannel 
to the nanochannnel.  An optical micrograph showing the nanochannel coupled to the microchannel is shown in fig. 
2 (a). 
2.2. Electrical measurements 
Ionic conductivity measurements were conducted using a Keithley 432 picoammeter. The voltage was varied 
between -5V and 5V with 0.5 V steps and a time delay of 20 seconds. Electrical microprobes were dipped into the 
wells filled with electrolyte solution (Figure 2 (b)).  
Ionic conductance measurements were performed across the nanochannel for large range of KCl concentrations. 
The current-voltage (I-V) curves (Figure 3 (a)) across the nanochannel showed a linear (ohmic) behaviour and the 
ionic conductivity σ of the solution was calculated from the slope (1/R) of the I-V curve and the nanochannel 
geometry using σ=(1/R)(L/A), where  L is the length and A the cross sectional area of the nanochannel.  
 
 
Fig 2- (a) Optical micrograph of nanochannel coupled to microchannel;  (b) 2 PDMS reservoirs (5 mm diameter) and 2 
microchannels linked by a SiO2 nanochannel, with electrical microprobes dipped in the PDMS reservoirs of the nanofluidic 
device for electrical measurements; 
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3. Results and discussion 
3.1. Measurements of ionic conductivity in nanochannel 
At low KCl concentrations (<10
-3
 M) the conductivity saturates (on a log-log scale) at ~570 µS cm
-1
 and for high 
concentrations (>10
-2
 M) the conductivity follows the bulk conductivity of the solutions (Figure 3 (b)). This 
behaviour occurs because for low ionic concentrations the height of the nanochannel is comparable to the Debye 
length of the solution and thus counterions to the channel surface charge will be the dominating mobile charges 
inside the nanochannel
5,6
. Furthermore, in order to maintain charge neutrality in the channels at low ionic 
concentrations, counterions are attracted from the bulk reservoirs to the nanochannel. The saturation current shown 
in fig. 3 (b) indicate that the SiO2 surface charge is of the order of ~2.41x10
-2
 C m
-2
 (based in the formula given in 
[5] for the requirement of overall electroneutrality).  
Fig. 3- (a) I-V curves for aqueous solutions with different KCl concentrations; (b) electrical conductivity (controlled 
by the conductivity of the nanochannel) as a function of the concentration of the KCl solutions measured through the 
nanochannel (red circles) and in the bulk solution (blue stars).  
 
3.2. Improved device design 
The device configuration used in this work (fig. 2 (a)) had microchannels whose direction is along the axis of the 
nanochannel. In this configuration it is very difficult to pump the solution due to the very high hydraulic resistance 
of the nanochannel. In this (axial) configuration, the electrolyte solution is pipetted to the microfluidic wells and 
enters the micro- and nanochannels by capillarity. Thus, washing processes and changing of solution in this 
configuration proceeds very slowly. An improved design is shown in figure 4. Here, the microchannels are 
perpendicular to the nanochannel allowing efficient pumping of the fluids into the channels. Work is underway to 
integrate microelectrodes both at the entrance of the nanochannel and along the microchannels for electrical 
measurements and to incorporate pumping into the system. Preliminary results of electrical measurements using 
probes to the wells of the microchannels show similar results to those shown in figure 3.  
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Fig. 4- Micro-nanofluidic handling design with the PDMS microchannels perpendicular to the nanochannel for improved 
pumping and washing. This design also includes integrated microelectrodes. 
 
4. Conclusions 
An SiO2/glass 50 nm high-nanochannel is fabricated and integrated with a PDMS microfluidic system. Ionic 
conductivity saturation of a solution with low (≤10
-3 
M) KCl concentrations in a nanochannel due to surface charge 
control of the mobile ion concentration in the nanochannel is demonstrated. At KCl concentrations above 10
-3 
M, the 
conductivity of the nanochannel is comparable to that of the bulk electrolyte solution. 
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